Introduction
Physical property data for many of the key components used in the simulation for the ethanol from lignocellulose process are not available in the standard ASPEN PLUS property databases. Indeed, many of the properties necessary to successfully simulate this process are not available anywhere. In addition, inputting the available properties into each simulation is awkward and tedious, and mistakes can be easily introduced when a long list of physical property equation parameters is entered. Therefore, we must evaluate the literature, estimate properties where necessary, and determine a set of consistent physical properties for all of the components of interest. The components must then be entered into an in-house NREL ASPEN PLUS database so they can be called upon without being retyped into each specific simulation.
The first phase of this work has been completed. A complete set of properties for the currently identifiable important compounds in the ethanol process is attached. With this as the starting base we can continue to search for and evaluate new properties or have properties measured in the laboratory and update the central database.
Aspen's Approach to Physical Properties
The Aspen simulator handles three classes of compounds:
1. Those (such as ethanol) that are involved in vapor liquid equilibrium; 2. Those (such as CaSO 4 ) that are solids only and are identifiable; and 3. Solids (such as coal) that are identifiable by attribute only.
This database will deal with the first two types only.
For compounds involved in vapor liquid equilibrium, the simulator must have a complete set of properties to allow it to do flash calculations. Even though the compound may be a very high boiler and will stay in the liquid phase exclusively. Also, materials such as glucose and xylose, which are commonly solids, but will be used exclusively in aqueous solution in the process, will be treated as liquids.
The second class, which includes cellulose and gypsum, is assumed to comprise conventional solids whose property requirements are very minimal. A conventional solid can (unlike nonconventional solids that must be described by attributes) be defined by a chemical formula.
Minimum Physical Properties Required by Aspen
The minimum physical properties required by Aspen depend on the calculation routes selected for fundamental properties such as liquid, vapor and solid enthalpy and density. In general, because of the need to distill ethanol and to handle dissolved gases the standard NRTL (non-random two liquid or Renon) route is used. This route includes the NRTL liquid activity coefficient model, Henry's law for the dissolved gases, and RKS (Redlich-Kwong-Soave) equation of state for the vapor phase, is used to calculate properties for components in the liquid and vapor phases. It also uses the Ideal Gas (IG) at 25° C as the standard reference state, thus requiring the heat of formation at these conditions (Table 1) . Many components used here will not be involved in vapor liquid equilibrium, as they stay in the liquid phase under the operating conditions experienced during the ethanol process. However, because of the above requirements, vapor properties will be needed. These will be estimated, but as long as the vapor pressure is low enough, the compounds will never actually show up in the vapor phase, and the liquid properties of interest will be calculated correctly. Table 2 lists the compounds included in the current database, along with their primary state and formula. Isomers were not considered independently; because most of the desired properties are being estimated, there will not be a significant difference between isomers. This will not preclude the use of isomers in simulations, but there will be no physical difference between isomers in the simulations. For example, all five-carbon sugars should use the properties of xylose, and six-carbon sugars those of glucose. The chemical formulas used for compounds such as biomass and cellulase were obtained from Radian Corporation 1 and Putsche, 2 respectively. Solslds are essentially everything combustible that is not one of the identifiable cellulose, lignin, or hemicellulose materials in biomass. The formula for solslds corresponds to the difference between the ultimate analysis of the biomass and the number of identifiable compounds. The heating value of solslds is the difference between that of the original biomass and the sum of the identifiable components. The solslds listed here correspond to poplar biomass and would differ for other sources of biomass. The solunkn is a compound that elutes at a similar position to xylitol, but is unknown. It was given a reduced formula of xylose for material balances only. 
Compounds Included

Combustion Stoichiometry
In all cases the heat of combustion was found in the literature or estimated and used to calculate the heat of formation. To calculate the heat of formation necessary for other heat of reaction calculations, we must know the compound's molecular formula (and consequently its combustion stoichiometry). Given the above molecular formulas, the combustion stoichiometry used for each compound is given below. These values were taken from the ASPEN PLUS Pure Component databank to be consistent with the calculations to be performed in ASPEN PLUS.
Description of Properties Included in the Database
Following is a description of the source methods and estimations used to develop properties for all compounds listed above. These properties are in the new ASPEN PLUS INHSPCD (In-house Pure Component Database) and are enclosed as inputs to DFMS (Data File Management System) (Appendix A) and as ASPEN PLUS Input language PROP-DATA statements (Appendix B). (All properties are in SI units.) A summary of sources of all properties appears in Appendix C and a summary of the properties in the inhouse database appears in Appendix D.
The ASPEN PLUS DFMS allows a source code to be entered for each property. Rather than using an actual reference number, this is used for a quality code. The following quality codes have been assigned to each data set. In general, data with a higher confidence level correspond to higher numbers.
Data Quality Codes Used in the Biofuels INHSPCD Code
Code Description 9 Literature data 8
Regressed to literature data 7
Calculated directly (e.g. MW) 6 Calculated from other literature data (e.g.
Estimated from the commercial property estimation package PREDICT 4
Estimated, but not from PREDICT 3 Copied literature data from a similar compound on a mass basis 2
Copied literature data from a similar compound on a mole basis 1
Copied data of various origin from a similar compound 0 Unknown origin
Glucose
Glucose, although generally considered a solid at the temperatures involved in the ethanol process, is exclusively in aqueous solution. It will therefore be modeled as a liquid, although it will never exist as a pure liquid in the process. The properties listed here are NOT intended for use with pure glucose, or even with concentrated solutions. The vapor pressure is low enough (the normal boiling point has been estimated to be higher than 800 K) that the glucose will never be flashed into the vapor stream. 
Point Properties
Properties
Xylose
Xylose, like glucose, is generally considered a solid at the temperatures involved in the ethanol process, but is exclusively in aqueous solution. Therefore, it will be modeled as a liquid, although it will never exist as a pure liquid in the process. The properties listed here are NOT intended for use with pure xylose or even with concentrated solutions. The vapor pressure is sufficiently low enough (the normal boiling point has been estimated to be higher than 800 K) that the xylose will never be flashed into the vapor stream. The Aspen single parameter in the Rackett 8 was regressed using the literature 6 data for glucose water solutions on a mass basis (g/L) and water data from the Aspen PURECOMP database. The results of this regression are given in Table 5 . Liquid Heat Capacity (3) Used a constant value for solid glucose at 20 o C from the literature 6 . 
Point Properties
Cellulose
Cellulose is considered to be a solid throughout the process and will never be in solution. Additionally, cellulose is a polymer, but its molecular weight formula will be taken as the repeat unit only. The other properties are determined on a weight basis and then converted to mole basis for the database, using the molecular weight of a repeat unit.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight (7) Calculated directly. Solid Heat of Formation (6) Using the a literature value for ∆H c 10 the heat of formation @ 298.15 K was back calculated. See Table 3 for the original values of ∆H c .
Temperature Correlated Properties
Properties (Quality Code) Methodology
Solid Heat Capacity (9) A literature polynomial 10 for cellulose from loblolly pine wood on a mass basis was used. Solid Density (3) A literature value for starch 11 was used on a mass basis.
Xylan
Xylan is considered to be a solid throughout the process and will never be in solution. Additionally, xylan is a polymer, but its molecular weight formula will be taken as the repeat unit only. The other properties are determined on a weight basis and then converted to mole basis for the database, using the molecular weight of a repeat unit.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight (7) Calculated directly. Solid Heat of Formation (2) Assumed that the ratio of the ∆H c of glucose to xylose @ 298.15 K would be the same as that for the ratio of cellulose to xylan. Using the glucose to xylose ∆H c ratio and the ∆H c from above for cellulose, the ∆H c for xylan was approximated. From the ∆H c , the heat of formation was calculated.
Temperature Correlated Properties
Properties (Quality Code) Methodology
Solid Heat Capacity (3) A literature polynomial 10 for cellulose from loblolly pine wood on a mass basis was used. Solid Density (3) A literature value for starch 11 was used on a mass basis.
Lignin
Lignin is considered to be a solid throughout the process and will never be in solution.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight (7) Calculated directly. Solid Heat of Formation (6) Used ∆H c value supplied by Riley 15 to calculate the heat of @ 298.15 K formation. The ∆H c of Riley value is similar to a value given by the literature for softwood. Softwood literature 14 value, 11340 BTU/#, Riley's value 11476 BTU/#.
Temperature Correlated Properties
Properties (Quality Code) Methodology
Solid Heat Capacity (9) Used literature value for polynomial 14 . Solid Density (3) Simply assume 1.5 g/cc (similar to starch).
Cellulase (Enzyme)
Cellulase is considered to be a solid throughout the process and will never be in solution.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight (7) Calculated directly. Solid Heat of Formation (6) Used ∆H c value supplied by Putsche 2 to calculate the heat of @ 298.15 K formation. Putsche calculated the ∆H c using the approximation method of Bailey and Ollis 13 .
Temperature Correlated Properties
Properties (Quality Code) Methodology
Solid Heat Capacity (4) Estimated using Kopp's rule 6 . Solid Density (3) Simply assume 1.5 g/cc (similar to starch).
Biomass (Cell Mass)
Biomass is considered to be a solid throughout the process and will never be in solution.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight (7) Calculated directly. Solid Heat of Formation (6) Used ∆H c value supplied by Putsche 2 to calculate heat of @ 298.15 K formation. Putsche calculated the ∆H c using the approximation method of Bailey and Ollis 13 .
Temperature Correlated Properties
Properties (Quality Code) Methodology
Zymo (Bacterium)
Zymo is considered to be a solid throughout the process and will never be in solution.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight (7) Calculated directly. Solid Heat of Formation (4) Estimated ∆H c using a crude method of Bailey and Ollis 16 @ 298.15 K and then calculated the heat of formation.
Temperature Correlated Properties
Properties (Quality Code) Methodology
Solslds (Soluble Solids)-Poplar Biomass
Solslds are the nonidentifiable solids that will be dissolved in aqueous solutions throughout the simulation. Therefore, they will never exist as a pure liquid in the process. The properties listed here are NOT intended for use with pure components or even with concentrated solutions. The vapor pressure is low enough (the normal boiling point has been estimated to be higher than 800 K) such that the solslds will never be flashed into the vapor stream.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight 
Solunkn (Unknown Soluble Solids)
Solunkn is an unknown compound similar to xylose that will be dissolved in aqueous solutions throughout the simulation. Therefore, it will never exist as a pure liquid in the process. The properties listed here are NOT intended for use with pure compounds or even with concentrated solutions. The vapor pressure is sufficiently low (the normal boiling point has been estimated to be higher than 800 K) such that the solunkn will never be flashed into the vapor stream.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight (7 
Gypsum
Gypsum is considered to be a solid throughout the process and will never be in solution.
Point Properties
Properties (Quality Code) Methodology
Molecular Weight (7) Calculated directly. Solid Heat of Formation (9) Literature value 14 . 14 . Actual Formula: C H1. Actual Formula: C H1. Where, CPLDIP/1....7 correspond to C 1i .... 7i
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